persons with a past history of CAD was the highest in men under 60 years of age with CAC, 20 and tended to increase as the number of calcified aortic segments increased. 21 Aortic diameters were found to increase with age, and 11 cases with asymptomatic aortic aneurysm were detected. 22 Furthermore, the frequency of CAC was higher in the group with cardiac death than that in the non-cardiac death group. 23 In contrast, several previous studies have reported that CAC detected by an electron-beam CT (EBCT), 24 and calcification in the aortic arch (Arch) detected on plain chest X-rays, 25 are significantly related to stroke. However, the relationship between stroke and AoC detected by CT in the general population remains unknown. Therefore, in the present study, we investigated the relationship between AoC and stroke in the population who participated in a mass chest screening program for lung cancer and tuberculosis using a mobile helical CT unit.
Methods
A total of 2,618 subjects (1,345 men, 1,273 women; age range, 15-90 years; mean age, 52.9±13.8 years) were invited to participate in a chest examination program that used a mobile helical CT unit to screen for lung cancer and tuberculosis. All medical examinations were performed by the Chiba Anti-Tuberculosis Association between 1995 and 1999, after all participants gave informed consent. The mobile helical CT unit consisted of a remodeled bus with a built-in helical CT scanner (CT-W950SR; Hitachi Medical Corporation, Tokyo, Japan).
CT scanning was performed with a tube voltage of 120 kV and a tube current of 50 mA, with 10 mm-thick consecutive sections, 10 mm/s Background It is reported that there is a significant relationship between the calcification of the aortic arch detected by chest X-ray examination and stroke. However, the relationship between stroke and aortic calcification (AoC) detected during a mass screening using a mobile helical computed tomography (CT) unit remains unknown.
Methods and Results
The study population consisted of 2,618 subjects (1,345 men, and 1,273 women; mean age, 52.9±13.8 years) who participated in a mass CT screening for lung cancer and tuberculosis. In the present study, 28 subjects (18 men, and 10 women; mean age, 65.9±13.5 years) had a past history of cerebral infarction. There were no subjects with a past history of intracerebral or subarachnoid hemorrhage. The frequency of AoC was significantly higher in the infarction group who were older than 50 years of age. In logistic regression analysis, the AoC was a stronger contributor of infarction than sex, age, and risk factors. Furthermore, the odds ratio of AoC for subjects with a past history of infarction increased as the number of calcified segments increased, and these values were 1.82 (95% confidence interval (CI) 1.06-3.15) in men, and 2.53 (95% CI 1.12-5.75) in women.
ing. The scanning range was from the apex of the lung to the diaphragm and the total scanning time was approximately 30 s, with radiation exposure of 3.6 mSv. All CT data were stored on magnetic-optical discs, and analyzed on a monitor. The window width and level for the CT display were 600 Hounsfield Unit (HU) and 40 HU, respectively. In the present study, the software to automatically evaluate calcified lesions was not installed in the monitoring system, so 2 doctors examined all slices twice at separate times for the presence or absence of calcification. The CT density of the aortic wall above +110 HU was recognized as being AoC. The mean time required for analysis was approximately 2 min. In terms of detecting AoC, there was no discrepancy between either the 2 doctors or the 2 separate examinations.
All participants were asked about risk factors (history of hypertension (HT), hyperlipidemia (HL), diabetes mellitus (DM), smoking and alcohol use) and a past history. Participants who had been medically diagnosed or treated for HT, HL, or DM were considered to have these diseases. Participants who had quit smoking or drinking more than 1 year prior to the screening were included in the category of non-smokers and non-drinkers. Participants who had been hospitalized because of cerebral infarction, intracerebral or subarachinoid hemorrhage (SAH), or definitively diagnosed on a brain CT or magnetic resonance imaging (MRI) were included in the category of stroke.
We investigated the frequency of AoC in both the stroke and non-stroke group, and in terms of the contribution of sex, age, risk factors, and AoC to stroke.
Statistical analyses were performed by using SPSS software (SPSS Japan Inc). Logistic regression analysis was used to evaluate the individual contribution of sex, age, risk factors, and AoC to a past history of stroke. All tests of significance were two-tailed and significance was defined as p<0.05.
Results
In the present study, 28 subjects (18 men, 10 women; mean age, 65.9±13.5 years) had a history of cerebral infarction. None had a history of intracerebral hemorrhage or SAH. Twenty-five of 28 subjects were older than 50 years of age, and 5 subjects had a confirmed diagnosis for cerebral infarction by CT or MRI.
The frequency of AoC in the overall population was 64.2% in the infarction group, and 22.1% in the non-infarction group. This value in the infarction group was significantly higher than that in the non-infarction group who were older than 50 years of age (p<0.0001) (Fig 1). Fig 2 shows the frequencies of calcification at different segments (ascending aorta (Asc), Arch, and descending aorta (Des)) in the overall population. These values in Asc, Arch, and Des were 14.3, 53.6, and 50% in the infarction group, and 2.6, 19.2, and 9.6% in the non-infarction group, respectively. Figs 3 and 4 describe the frequencies of calcification in Asc, Arch, and Des according to age group. These values at different segments in the infarction group were also significantly higher than those in the non-infarction group who were older than 50 years of age (p<0.05). Table 1 shows the contribution of sex, age, risk factors, and AoC to cerebral infarction using logistic regression analysis. AoC was a stronger contributor to cerebral infarction than sex, age, and risk factors. In the analysis of the risk estimates of AoC to cerebral infarction as the number of calcified aortic segments increases, the odds ratio of AoC for subjects with a history of cerebral infarction adjusted for sex, age, and risk factors was 1.82 (95% confidence interval (CI) 1.06-3.15) in men and 2.53 (95% CI 1.12-5.75) in women (p<0.05 for both).
Discussion
A study using ultrasound images revealed that an increased intima-media thickness (IMT) in the common carotid artery was associated with future cerebrovascular and cardiovascular events. 26 Some studies using transesophageal echocardiography reported that thicknesses of the wall in the Arch, the left common carotid artery, and the left subclavian artery were significantly greater in patients with cerebral infarction than those in the normal population, 27 and that recurrence of ischemic stroke was associated with an increased IMT in the Arch and aortic plaque extension to the branches. 28 Other studies reported that CAC detected by EBCT was associated with a common carotid IMT, [29] [30] [31] and that AoC detected by conventional CT was also associated with the intimal thickness of the thoracic aorta. 32 Based on these findings, we hypothesize that calcification in the coronary artery and aorta are associated with an increased incidence and severity of atherosclerotic lesions in the thoracic aorta and the common carotid artery, which are related to the onset of cerebral infarction. The subjects with a history of cerebral infarction showed a higher incidence of AoC than those without such a history who were older than 50 years of age in the study population. This finding suggests that the incidence of atherosclerotic lesions in the thoracic aorta and the common carotid artery are much higher in those with a history of cerebral infarction who are older than 50 years of age.
In the study by Vliegenthart et al, the odds ratio of CAC for patients with stroke increased with the total calcification score of the coronary artery. 24 In the present study, the frequency of cerebral infarction was much lower than that in the study by Vliegenthart et al Nevertheless, the odds ratio of AoC for subjects with a past history of cerebral infarction increased as the number of calcified aortic segments increased. This finding suggests that the risk of cerebral infarction can be evaluated by detection of AoC in a mass CT screening. AoC could not be quantitatively evaluated in our previous report because the software to evaluate calcified lesions was not installed in the monitoring system. However, a computer-associated diagnostic system for the evaluation of calcifications in recently improved EBCT and MDCT scanning has been developed. Therefore, the risk of cerebral infarction could be more precisely predicted by evaluating the calcified lesions in the aorta.
With respect to the contribution of sex, age, risk factors, and AoC to the incidence of cerebral infarction, AoC was a stronger contributor to that than sex, age and risk factors. However, in our previous study, we also reported that HT and smoking were significantly related to AoC. 21 Another study suggests that DM and HL are factors that do not cause atherosclerosis directly, but rather accelerate the progress of atherosclerosis caused by HT. 32 Therefore, when AoC are detected on a CT screening, the presence or absence of risk factors must be carefully evaluated.
In the present study, the relationship between AoC and the incidence of cerebral infarction was investigated. However, there were no patients with a history of intracerebral hemorrhage or SAH, and there was also no information about the long-term prognosis and severity of cerebral infarction in the study population. Therefore, investigations of the influence of AoC on the long-term prognosis, the severity of cerebral infarcton, and the onset of intracerebral hemorrhage or SAH had not been performed previously. Thus, a longitudinal study is needed to confirm the impact of AoC on these problems.
Conclusion
The present study results suggest that the detection of aortic calcification in a mass screening for lung cancer and tuberculosis using a mobile helical CT unit is effective to evaluate the risk of cerebral infarction. 
